Abstract. Epithelial ovarian cancer (EOC) is the leading cause of mortality with regard to gynaecological cancer.
Introduction
Ovarian cancer is the fifth most lethal cancer affecting women, and accounts for the majority of mortalitites from gynaecological cancer (1) . Epithelial ovarian cancer (EOC) accounts for 90% of all cases of ovarian cancer and is typically a 'silent killer' because patients do not present with symptoms until advanced disease is present. As a result, 70% of patients have stage III/IV (International Federation of Gynaecology and Obstetrics-FIGO staging) advanced EOC at the time of diagnosis, resulting in a 5-year survival <30% (2) . By contrast, if EOC is diagnosed early, at stage I, the 5-year survival rate is 90%. This high survival rate with early disease diagnosis highlights the need for an accurate test to detect ovarian cancer. Screening with CA 125 and/or pelvic ultrasound has been extensively studied but has not been shown to improve mortality, due to poor sensitivity and specificity for ovarian cancer (3) . Novel biomarkers are therefore required to enhance screening strategies and improve survival rates.
MicroRNAs (miRs) are small non-coding RNAs that are essential for regulating gene expression. They play important roles in the regulation of a wide variety of genes by binding to the 3'-untranslated regions of the target mRNA and are involved in the pathogenesis of various types of cancer (4) . The fact that miRs circulate in the blood where they may reflect gene expression in a distant tumour, has led to enthusiasm for the role of circulating miRs as biomarkers for cancer detection and prognosis. Multiple miRs appear to be dysregulated in EOC tissue but it is unclear whether circulating miRs can be used to identify women with EOC compared to controls.
We selected a panel of five miRs that have been shown to be dysregulated in ovarian cancer tissue. The miR-200 family (miR-200a, miR-200b and miR-200c) plays a key role in initiating cancer development and invasion by regulating the transformation of epithelial to mesenchymal cells (5) . Hypoxia-regulated miRs are also involved in cancer progression, modulating the cell response to increasing hypoxia as the tumour outgrows its vascular supply (6) . Both miR-21 and miR-210 are consistently upregulated in response to hypoxia and therefore may be upregulated in EOC compared to controls. In the present study, we examined the expression of circulating miRs in blood and tissue in EOC and benign ovarian masses to determine whether they are potential biomarkers for EOC. Sample collection. Peripheral whole blood samples (2.5 ml) were collected in PAXgene blood RNA tubes (PreAnalytix, Hombrechtikon, Switzerland). As per the manufacturer's instructions, the samples were stored at room temperature for 24-72 h, transferred to -20˚C for 24 h, and then stored at -80˚C until processing.
Materials and methods

Study
Ovarian tissue biopsies were collected intraoperatively and immediately transferred into RNALater (Qiagen, Hilden, Germany) and snap frozen in liquid nitrogen. They were then stored at -80˚C until processing. miRNA preparation. miRNA was extracted from peripheral whole blood using the PAXgene Blood miRNA kit (PreAnalytix) and automated QiaCube (Qiagen) protocol according to the manufacturer's instructions. Genomic DNA was removed using DNase treatment, and total RNA was eluted and stored at -80˚C if not used immediately. The concentration of total RNA was quantified by NanoDrop 1000 (Nanodrop Technologies; Thermo Fisher Scientific, Waltham, MA, USA).
miRNA was extracted from ovarian tissue using the RNeasy Kit (Qiagen). In brief, ovarian tissue was homogenized in buffer. The lysate was centrifuged at 8,000 x g for 3 min, and the supernatant added to 350 µl of 70% ethanol. The sample was then run through the RNeasy spin column and centrifuged with buffers as per protocol. The final RNA was eluted into 30 µl of RNase free water and stored at -80˚C, if not used immediately.
RT-PCR. Specific miRNA Taqman assays (Applied Biosystems
Life Technologies, Foster City, CA, USA) were used for the quantification of the miRNAs according to the manufacturer's instructions. To assess miR-200a, miR-200b and miR-200c the High-Capacity cDNA Reverse Transcription Kit was used. Total RNA (150 ng) was reverse transcribed for each target miRNA and the housekeeping miRNA miR-191 was used for normalization. To assess miR-21 and miR-210 the TaqMan MicroRNA Reverse Transcription kit was used (with a cDNA conversion and preamplification step) for the two miRs (miR-21 and miR-210) and the housekeeping miRNA RNU-48. Following cDNA generation qPCR was performed in duplicate, with multiple negative controls, using TaqMan Universal PCR Master Mix II on a CFX 384 (Bio-Rad, Berkeley, CA, USA) with the following cycling conditions: 95˚C for 10 min, and 40 cycles of 95˚C for 15 sec, and 60˚C for 1 min. Fold-changes in expression were determined by the comparative CT method normalized against the mean expression of the housekeeping gene.
Statistical analysis. Data were statistically analyzed using R version 2.12.0 (http://www.r-project.org) or GraphPad Prism v 5 (GraphPad Software, Inc., La Jolla, CA, USA). Differences in RT-PCR gene expression were assessed using the Mann-Whitney U or Kruskal-Wallis test, or where the data were considered normally distributed, the t-test or ANOVA. Patient characteristics were compared using χ 2 where appropriate. Data were presented as mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical characteristics.
Clinical characteristics for the EOC cases and controls are presented in Table I . The EOC patients had predominately (>80%) high-grade serous carcinoma of the ovary, 50% of whom had stage I/II and 50% had stage III/IV at the time of diagnosis.
Circulating miRNA expression in EOC.
We examined the expression of miRs in the circulation to determine their potential to be blood-based biomarkers for EOC (Fig. 1 miRNA expression in EOC tissue. We also compared the expression of the miRs in ovarian tissue collected intraoperatively from women with benign ovarian masses and women with EOC. The expression of the miR-200 family showed a trend towards increased expression in ovarian tissue from women with EOC, but this did not meet statistical significance. There were no differences in the expression of miR-210 or miR-21 in this small cohort (Fig. 2) .
Discussion
Early diagnosis of EOC is dependent on the development of a reliable biomarker that can discriminate between benign and malignant pelvic tumours. To the best of our knowledge, currently, no screening modality for EOC exists. miRs are aberrantly expressed in a number of cancers, including EOC where they regulate tumour growth (7) . Circulating miRs are stable in the blood and reflect changes in the distant tumour allowing a 'liquid biopsy' of the tumour to be non-invasively obtained.
In the present study, we examined the expression of five miRs that are involved in the pathogenesis of EOC, although, to the best of our knowledge, their expression in blood has not been investigated or consistently reproduced in previous studies. We found significant upregulation of the miR-200 family in EOC compared to benign ovarian tumours. The miR-200 family likely plays a key role in carcinogenesis. They are critical regulators of the epithelial-mesenchymal transition (7) . This process describes the transformation of non-motile epithelial to motile mesenchymal cells, which therefore have the potential to invade surrounding tissue and metastasize to distant sites. The miR-200s target two E-box binding transcription factors, ZEB1 and ZEB2, which regulate E-cadherin expression and cellular polarity (7) . Increased ovarian tissue expression of miR-200a and miR-200c have been associated with a reduced overall survival in EOC patients, which may be attributed to alterations in response to chemotherapeutics with high levels of miR-200s (8, 9) . As a result, the miR-200 family may not only be used to detect and stage EOC but may provide information regarding prognosis. miR-210 has been shown to be increased in EOC tissue and cell lines in response to tissue hypoxia; however, little is known with regard to circulating miR-210 in EOC (10) . miR-21 has been identified as an important oncogene in multiple types of cancer and has been shown to be increased in EOC tissue; nevertheless, little is known regarding circulating miR-21 in EOC (5, 11) . In this pilot study of a limited number of patients, we saw a trend towards increased miR-210 with advanced EOC, but which did not meet statistical significance. The potential of miR-210 and miR-21 as useful EOC biomarkers requires further investigation in a larger cohort study.
Circulating miRs may be detected in whole blood, plasma or serum. To the best of our knowledge, this is the first study to describe their expression in EOC in whole blood collected prior to initial surgery (12) . Whole blood collected directly into tubes containing RNA stabilizer (PAXgene tubes) ensures that the cells are lysed and RNA stabilized immediately to inhibit ex vivo transcription. By contrast, the expression of miRs in plasma and serum have consistently been shown to be affected by ex vivo sample handling (13) . This may account for the differing results obtained in studies with different collection methods. Whole blood overcomes these differences, and may be an ideal medium for sample collection in large multi-centre studies.
A strength of this study is that it was prospective in design and we only included high-grade serous EOC patients. Many biomarker studies include serous, endometriod, clear cell and non-EOC altogether. Although it would be ideal to develop a biomarker that can detect all forms of ovarian cancer, there is a difference in the pathophysiology and genomics of each histological subtype and therefore EOC should be considered separately in biomarker discovery experiments (14) . Nevertheless, although our results are promising, there are important limitations. These include the small sample size in this pilot study, which restricts the ability to determine the accuracy of these miRs to diagnose EOC. Therefore, these preliminary findings require further validation to assess the diagnostic potential of circulating miRs in ovarian cancer.
In conclusion, circulating miRs, specifically from the miR-200 family, are increased in high-grade serous EOC, reflect the extent of disease and constitute potential candidate biomarkers for non-invasive screening for EOC. Large validation studies are required to develop biomarkers to ensure early diagnosis and timely treatment to improve outcomes for women with EOC.
